Buffalo is an important species contributing significantly to Indian ec onomy. There is urgen t need to study genetic div ersity between and within breeds using appropriate set of microsatellite mark ers whic h can be further supplemented by using G enome s equenc ing data, phonemics and high density arrays. Animal resourc es are v aluable assets of a country. Present buffalo breeds have gene pools o f wide representation and valuable combination of genes. Genetic variability also provides the opportunity for tracing the history of populations, species, and their ancestors through DNA based markers. For the overall breed improvement and to meet future challenges there is an urgent need to characterize buffalo breeds. It is our responsibility to c ons erve, pres erve and maintain the animal genetic divers ity.
INTRODUCTION
It is generally believed that buffaloes were first domesticated in the Indus civilization 5000 years ago [1] . However, according to Chen and Li [2] , this species was domesticated in China during the fifth millennium BC. The present domesticated buffaloes are the descendants of Bosarni buffaloes found in wild state even today in the North-Eastern parts of India.
Water buffalo (Bubalus bubalis) have been divided into swamp and river buffalo based on morphological, behavioral, geographical criteria and number of chromosomes. River buffaloes (B. bubalis bubalis) are generally large in size, mostly with curled horns, prefer to enter clear water, have 50 chromosomes. They are primarily used for milk production and, mainly found in India, Pakistan and some of the west Asian countries. Swamp buffaloes (B. bubalis carabanesis) are mostly stocky animals with marshy land habitats and have 48 chromosomes. They are primarily developed for draught power in paddy fields and transport. Swamp buffaloes are mostly found in South East Asian countries and few animals are also available in north eastern states of India. The difference in number of chromosomes is due to a telomere-centromere tandem fusion between two chromosomes in river buffalo [3] .
India is gifted with rich genetic resources in terms of its buffalo breeds. River buffaloes are the main stay of the dairy industry in India. The buffalo is an integral part of agriculture in India, providing a *Address corresponding to this author at the Department of Animal Biotechnology, College of Veterinary Sciences, LLR University of Veterinary & Animal Sciences, Hisar, 125004, India; Tel: +91-1662-289132; Fax: +91-1662-284312; E-mail: mlsangwan@hau.ernet.in source of milk, meat, skin, hides, fertilizer, fuel, and draft power. The buffalo is the main milk producing species in India and its contribution to the total milk production larger than that of cattle. India is the home tract for some of the best buffalo breeds. India has been the centre of dispersion of reputed breeds for improvement of the species elsewhere in the world.
Share of buffalo milk occupies the highest position in Indian dairy industry, contributing about 56 percent of total milk (110 MT) produced by its varied population which is less than half that of the cattle population [4] . It contributes substantially to economy of the country by producing 60.9 million metric tons of milk, over 1.6 million metric tons of meat. Apart from that about 7.5 million male and 0.3 million female buffaloes are also used as draught power.
IMPORTANCE
The main evolutionary forces of mutation, selection, and genetic drift have created a vast diversity which ended in the formation of many well-defined breeds used for a variety of purposes with differing levels of performance. The knowledge of the genetic variability and process that underlie its origins and maintenance is vital to provide critical insights into the structure and dynamics of populations. Genetic variability also provides the opportunity for tracing the history of populations, species, and their ancestors through DNA based markers. For the overall breed improvement and to meet future challenges there is an urgent need to characterize buffalo breeds. Detailed knowledge of genetic variation within and among different breeds is very important for understanding and improving traits of economic importance. Hence, the future improvement is dependent on genetic variation present within breeds and between breeds variation. 
BUFFALO STATISTICS

BREEDS OF RIVER BUFFALOES
It is essential to understand the genetic architecture and relationships among different breeds so as to design rational breeding strategies for optimum utilization and conservation of available genetic variability in India. The diversity within domestic livestock species is perceived generally in terms of differences that are referred to as breed. Turton [6] defined breed as "a homogenous, sub-specific group of domestic livestock with definable and identifiable external characters that enable it to be separated by visual appraisal from other similarly defined groups within the same species, or a homogenous group where geographical separation from phenotypically similar groups has to general acceptance of its separate identity". Each breed is the product of mutation and genetic drift, as well as separate adaptation and evolution, with differing selection pressures imposed by climate, endemic parasites and diseases, available nutrition and criteria imposed by man.
These breeds have been developed mainly as a result of farmers' wisdom over the past thousands of years [7] . The Toda breed is maintained by a Toda tribe in the Nilgiri hills is endangered as this breed has less than 1000 heads. Approximately 70 percent buffaloes in India are nondescript as these animals do not resemble any of the ten well characterized breeds. The well recognized breeds in India [8] are:
Breeds
1.
Murrah: The breeding tract of this breed is Rohtak, Hisar and Jind of Haryana, and Nabha and Patiala districts of Punjab. The colour is usually jet black with white markings on tail, and face. It has short horns and tightly curved. It has long tail reaching up to the fetlocks. The average milk yield per lactation is 1500 to 2500 kg.
2.
Bhadawari: It is found in the Bhadawari Tehsil in Agra district and Etawah district of Uttar Pradesh and Gwalior district of Madhya Pradesh. Its colour is usually light or copper. The tail is long with black and white or pure white markings reaching up to fetlock. The average milk production is 800 to 1,000 kg.
3.
Jaffarabadi: Its breeding tract is Kutch, and Jamnagar districts of Gujarat. The colour is usually black. The forehead is very prominent. The horns are heavy, inclined to droop at each side of the neck and then turning up. The average milk yield is 1,000 to 1.200 kg.
4.
Surti:
The breeding tract of Surti is Kaira and Baroda districts of Gujarat. The colour is black or brown. The head is long with prominent eyes. The horns are sickle shaped, moderately long and flat. Its milk yield ranges from 900 to 1,300 kg.
5.
Mehsana: Its breeding tract is Mehsana, Sabarkanda and Banaskanta districts of Gujarat. Its colour is usually black to grey, with white 
Breed Distribution State Wise
Buffaloes are spread over almost all states with varying density in India. Northern and western states comprising Haryana, Punjab, Uttar Pradesh, Rajasthan, Gujarat and Maharashtra have the majority of the population (72%). Most of the milch breeds are also found in these regions. Among different states, Uttar Pradesh has highest buffalo population (22914,000) followed by Andhra Pradesh (10630,000) and Rajasthan (10416,000) ( Table 2 ). However, highest growth percent in buffalo population was recorded in Haryana (3.80) followed by Gujarat (3.55) and Rajasthan (3.45) . The large population of nondescript buffaloes are found in Madhya Pradesh, Bihar and Jammu & Kashmir.
REASONS FOR LOSS OF ANIMAL GENETIC RESOURCES
There are a number of factors which can cause loss to animal genetic resources. However, the common reasons for loss are:
•
Use of a few breeds by artificial insemination and embryo transfer, which lead to the erosion of genetic resources [9] .
• Poor agricultural policies,
• Changing market requirements, • Natural disasters,
• Political unrest and war
Deterioration of ecosystems,
• Movement of high producing buffaloes to metropolitan cities from the breeding tract to meet the milk requirement further leads to genetic erosion of valuable germplasm due to slaughter of these animals after completion of lactation.
Lack of genetic diversity in a population/breed affects its performance by:
• Fitness of the population is reduced,
• Achievement of breeding objectives is affected,
• Decline in number or even breed extinction,
• Infectious diseases spread more easily,
•
Sustainability of rare domestic breeds can be endangered,
• Restrict the options available to meet unpredictable future requirements.
Loss of variation within breeds is continuously countered by the introduction of new variation through mutation [10] , but the variation among breeds cannot be readily regenerated. So by using genomic techniques, genetic variation can be assessed and accordingly remedial measures be taken to preserve genetic diversity for the future. The genetic diversity of low-production breeds is likely to contribute to current or future traits of interest [11, 12] , they are considered essential for maintaining future breeding options.
POPULATION GENETICS ANALYSIS
Within-Breed Analysis
Expected heterozygosity or allelic richness within breeds indicates the influence of drift on breed diversity, where decreased heterozygosity is associated with increased drift. Differences between expected and observed heterozygosity as well as departure from Hardy-Weinberg equilibrium indicate nonrandom mating or the existence of population substructures [13] . The presence of inbreeding can be tested by F statistics [14] , in particular by testing if the FIS parameter is significantly greater than zero.
Among Breeds Analysis
Total diversity can be partitioned in a within-breed and among-breeds component of variation. These components and others can be quantified by analysis of molecular variance (AMOVA) analysis [15] and reflect history and breeding practices. Normally, 50 to 90 per cent of the total diversity corresponds to the within-breed component which dependent upon the breeds sampled. The calculation of genetic distances among breeds is based on gene frequency data followed by visualization of relationships in trees, and networks [16] . Nei's standard genetic distance Ds has been used most commonly in studies of natural populations in evolutionary genetics and has the advantage that it is linear in time [17] . Distance measures based on Wright's FST statistic, which may be estimated via the DR distance [18, 19] may be more appropriate for short-term evolution such as the divergence between livestock breeds.
CHARACTERIZATION OF ANIMAL GENETIC RESOURCES
Domestic animal diversity is main component of global biodiversity. Different species of domestic animals and poultry contribute to meeting the needs of human population by providing meat, fibre, milk, eggs, draught animal power, skins, and manure. More than 7000 breeds and strains [9] constitute the animal genetic resources (AnGR) that are of crucial significance for food and agriculture. The present pattern of diversity of AnGR is the result of a long and complicated history, particularly by local adaptation, artificial selection, mutations and genetic drift creating diversity with vast differences in appearance, physiology and economic traits leading to the emergence of breeds. One of the Strategic Priority Areas of the Global Plan of Action is the characterization; inventory and monitoring of trends of AnGR diversity in order to properly assess value of breeds to use in breeding programmes. Autosomal microsatellite markers allow estimation of expected heterozygosity and allele frequencies which may reveal effects of genetic isolation, inbreeding, population bottlenecks, introgression and subdivision in within breeds. However, trees, networks, clustering diagrams can be used to establish the relationships between breeds.
Molecular Characterization of Diversity and its Maintenance
Molecular data have become progressively more relevant for the characterization of domestic genetic diversity [20] . In 1993, a FAO working group formulated the Secondary Guidelines: Measurement of Domestic Animal Diversity (MoDAD) for characterization of AnGR [21] with recommendations for the molecular analysis of domestic animal diversity on a global scale (http://www.fao.org/docrep/meeting/ 022/am652e.pdf).
FAO MoDAD report succeeded in creating awareness to monitor AnGR diversity and establishing a standard procedure for molecular genetic characterization. The work in many countries to characterize locally available breeds is undertaken. This proposal has helped to motivate many national and international projects supported by International Livestock Research Institute (ILRI) and the World Bank, which help in achieving the objectives of MoDAD. Novel combinations of alleles at different loci can be tested by designing appropriate breeding schemes. The maintenance of a diverse range of genetic backgrounds essential to provide wide sources of variation as some of these novel allele combinations may result in superior genotypes whose performance may be beyond that would not be possible by planned selection.
Comprehensive knowledge of the breed characteristics, its population size and structure, geographical distribution, the performance in economic traits, and within-and between-breed genetic diversity is required to have effective management of farm animal genetic resources.
BREED CHARACTERIZATION
Awareness of the value of genetic resources has stimulated the study of genetic diversity of native breeds. For improvement of economic traits and for breed characterization, detailed knowledge of genetic variation within and among breeds is very important. Various types of markers such as morphological, chromosomal, biochemical and DNA markers are used for this purpose. Morphological / phenotypic (e.g., coat color, horn types or other features) markers usually have low level of variation. Biochemical markers have been tried extensively but were not found encouraging, as they often express low level of polymorphism, are sex limited and age dependent. Further these markers reflect variability in the coding sequences, which constitute less than 2 percent of the total genome [22] .
Phenotypic Markers
Phenotypic / morphological markers include colour, shape, size and performance of the individual/breed in different traits of economic importance. They are usually easy to observe, but it is difficult to have a large number of them. One of the most obvious ways to characterize breeds is by their coat colour, e.g. Murrah has jet black colour. The first step in characterization is to identify the homogenous groups (breeds) within the heterogeneous assemblage and establish how the breeds are themselves grouped. The different breeds are also characterized on the basis of their performance in different traits of economic important.
Protein Markers
Proteins are the product of gene expression. Different alleles of genes may result in proteins with different amino acid compositions, and size. Differences in charge and size can be easily detected using gel electrophoresis and can be used as markers. As specific gene products, could indicate genetic specify of genotypes, and therefore could be used as markers for characterization of breed and to resolve taxonomic relationships. Barker [23] compared the protein polymorphism observed on the basis of 25 different proteins and with the polymorphism detected by using 21 microsatellite markers in river and swamp buffalo ( Table 3) .
F statistics estimates show no significant departure from Hardy Weinberg expectation for either buffalo 
DNA Markers
Rapid developments in molecular genetics have made it possible to detect genetic polymorphism at the DNA sequence level, i.e. using DNA markers. DNA marker is a DNA sequence whose pattern of inheritance can be followed generation after generation and it must be polymorphic.
The features of DNA markers which make them as unique are:
• They exhibit high level of polymorphism,
• Detection is independent of tissue, age, environment or sex,
• Distributed throughout the genome,
• Detection is efficient and reliable.
DNA markers most widely used to study genetic diversity in various species of livestock are randomly amplified polymorphic DNA (RAPD-PCR), microsatellites, and single nucleotide polymorphism (SNP). These markers represent non-coding region of the genome, and hence they are selectively neutral.
Randomly Amplified Polymorphic DNAPolymerase Chain Reaction (RAPD-PCR)
RAPD-PCR is a means of detecting polymorphisms for genetic mapping and strain identification [24, 25] . The technique is generally faster, less expensive than any other method for detecting DNA sequence variation and does not require prior sequence information. The fact that RAPDs survey multiple loci in the genome makes the method attractive for analysis of genetic distance and phylogeny reconstruction [26] . Perhaps the main reason for the success of RAPD analysis is the gain of a large number of genetic markers that require small amounts of DNA without the requirement for cloning, sequencing or any other form of molecular characterization of the genome of the species in question [27] . It is a powerful tool in DNA fingerprint analysis of various animal species, gene mapping studies, population analysis and identification of breeds. The analysis for RAPD markers is quick and simple. In RAPD, typically, 5-12 bands can be observed per primer, which are distributed throughout the genome.
RAPD technique was employed to analyze the genetic variation in cattle and buffalo breeds. The mean average percent difference (MAPD) revealed lower values (24.16 ± 3.55) between Murrah and Surti breeds of buffaloes than Jersey crossbred and Ongole breeds (28.10 ± 10.53) of cattle according to Aravindakshan and Nainar [28] . Genetic identity index pooled over the 11 random primers was 0.596±0.037 between Bhadawari and Murrah breeds. The highest MAPD estimate (53.9) between the two breeds was obtained with the primer BG27. Saifi et al. [29] also reported the primers OPA-04 and BG-15 resolved a band of 460 bp, which was present only in animals of Bhadawari breed whereas primers OPA-14, BG-27 and BG-28 produced Murrah specific fragments of 730 and 1230 bp.
Sodhi et al. [30] 
Microsatellites Markers
The microsatellite markers are highly polymorphic, distributed throughout the genome, locus specific and co-dominant. They have an edge over other genetic markers for comparative studies of evolution, genetic variation, parentage assessment and gene flow. Microsatellite markers have been used for studying polymorphism and genetic diversity in many livestock species [34] . They are simple DNA sequences (e.g. AC), usually 2 or 6 bases long, repeated a variable number of times in tandem. They are easy to detect with PCR and a typical microsatellite marker has more variants than those from other marker systems.
The FAO and the ISAG/FAO Advisory Group on Animal Genetic Diversity have proposed panels of 30 microsatellite markers for nine major livestock species (www.globaldiv.eu/docs/Microsatellite%20markers.pdf). The microsatellite marks recommended by FAO for the genetic distancing studies in buffaloes are AGLA293, CSSM038, CYP21, BMC1009, CSSM041 , BRN,  CSSM008, CSSM043, ETH121, CSSM013, CSSM045,  ERH131, CSSM015, CSSM046, HMH 1R, CSSM019,  CSSM047, MGTG4B, CSSM022, CSSM075, TGLA48,  CSSM029, CSSM060, TGLA57, CSSM032, CSSM061,  TGLA126,  CSSM033,  CSSM038,  TGLA227 , CSSM036, CSSM062, TGLA263. Majority of the markers are common for both cattle and buffalo breeds. Ideally, all 30 markers should be used for characterization of populations. Working group recommended the following criteria to select appropriate microsatellites
•
Free access to microsatellite markers.
• Microsatellite loci should be present on different chromosomes.
• Markers should follow Mendelian inheritance.
• Each locus should exhibit at least four alleles.
• Marker loci which can be used on several related species are preferable, e.g. cattle primers are used in buffalo.
Vijh et al. [35] generated data on 24 microsatellite loci from 3 buffalo populations viz. Bhadawari, Tarai and Kerala buffaloes was subjected to analysis for estimation of genetic distances. The dendrograms were prepared using both UPGMA and NJ algorithms. The Tarai and Bhadawari populations were close to one another and this was expected because of the contiguity of their breeding tract resulting in increased gene flow.
Kumar et al. [7] identified the Toda, Jaffarabadi, and Pandharpuri breeds as one lineage each, and the Bhadawari, Nagpuri, Surti, Mehsana and Murrah breeds as admixture on the basis of microsatellite markers. Analysis of molecular variance refuted the earlier classification of these breeds proposed on the basis of morphological and geographical parameters. The Toda buffaloes, reared by Toda tribe, represent an endangered breed from the Nilgiri hills in South India. Divergence time of the Toda buffaloes from the other main breeds, calculated from Nei's standard genetic distances, suggested separation of this breed approximately 1800-2700 years ago.
One breed specific marker was found in each of Mehsana (BM1818) and Bhadawari (ILSTS030) and four were found in Jaffarabadi (BM1818, ILSTS030, ILSTS054 and ILSTS011). Genetic distance (Ds) between the Mehsana and Bhadawari breed was the maximum (0.29), followed by Murrah and Mehsana (0.27), and Nili-Ravi and Bhadawari (0.26). The lowest Ds was found between the Jaffarabadi and Nagpuri breeds which was only 0.05. The highest divergence time of 1318 years was established between Mehsana and Bhadawari breeds whereas it was found to be lowest (272 years) between the Jaffarabadi and Nagpuri breeds according to Shukla et al. [36] .
Vijh et al. [35] studied diversity and differentiation on 527 animals belonging to 10 recognized breeds and 2 additional populations of Indian buffalo by using 22 microsatellite loci. Relationships among buffalo breeds and populations were estimated based on genetic distances. The Bayesian analysis grouped 12 populations into 8 distinctive clusters. Geographically close breeds clustered together, except for the Jaffarabadi and Murrah, which were not in geographic contiguity. The phylogenetic relationship based on microsatellite loci supported the breed classification based on body size. The Toda breed, which is considered to be endangered, had genotypes similar to those of the surrounding buffalo populations.
Rupinder et al. [37] observed heterozygosity 0.49 and 0.53 in Bhadawari and Murrah breed, respectively, while mean heterozygosity in both breeds was 0.51. The average PIC value over all loci was 0.51 in Bhadawari and 0.52 in Murrah breeds. The mean F IS , F IT and F ST for all loci was -0.12, 0.16 and 0.04, respectively. The standard genetic distance (D s ) between Bhadawari and Murrah breeds was 0.13 and the genetic identify was 0.88. Four private alleles in Bhadawari breed and three private alleles in Murrah breed were also observed. Bhuyan et al. [38] observed mean heterozygosity in Murrah found to be 0.5438. Both observed and expected heterozygosity was above 0.5 which shows that there is sufficient variability in the population and reflects presence of large number of polymorphic loci in Murrah breed. Jakhesara et al. [39] estimated mean allele diversity (9.63), mean observed heterozygosity (0.66), mean expected heterozygosity (0.77) and mean polymorphism information content (0.738) values showed substantial within-breed genetic variability on the basis of 11 microsatellite markers in Mehsana breed.
Mishra et al. [40] constructed phylogenetic tree using chord distance estimates revealed the distinctness of Banni and Jaffarabadi buffaloes from other river buffalo breeds of the region. Multi dimensional scaling display of pair-wise FST values revealed the close proximity of Mehsana, Surti and Murrah buffaloes while Banni and Jaffarabadi buffaloes were placed separately. This genetic structure was further supported by Bayesian clustering analysis which revealed three inferred clusters with Banni and Jaffarabadi forming separate clusters each while the remaining three breeds viz. Mehsana, Surti and Murrah together formed a single cluster. The results thus revealed the genetic uniqueness of Banni buffalo among other buffalo breeds of the region.
Single-Nucleotide Polymorphisms (SNPs)
SNP occurs due to change in the nucleotide at a particular location within the genome of a species / breed/population. SNP usually have only two alleles. The potential number of SNP markers is very high, and possible to find them throughout the genome. They may represent either neutral or functional genetic diversity.
http://www.fao.org/docrep/ meeting/022/ am652e.pdf A variety of methods can be used for assaying of SNP like, KASPar® and TaqMan® assays by which many animals are to be genotyped. Alternatively, microarrays can be used to obtain genotypes at low cost.
Advantages of SNP over microsatellites
•
Allele scoring is unambiguous.
• The cost of genotyping per SNP is much less than with microsatellites.
• The high number of SNPs can allow a description of individual and breed relationships with high accuracy.
• SNP can reveal functional, as well as neutral genetic variation.
• High density SNP screens can identify multiple SNPs in linkage disequilibrium.
There is need to development of high-density SNP panel for studying genetic diversity studies in buffaloes. Their analysis will yield a large amount of data, which will require additional computing infrastructure for bioinformatics, genetic analysis and data management. Further in developing high density panels, care is required to have unbiased estimation of relationships among breeds by avoiding SNPs that may be monomorphic in certain breeds.
Mitochondrial DNA Markers
The complete water buffalo (Bubalus bubalis) mtDNA is 16355 bp in length. The length of the genome appears to be highly specific, as no tandem repeats have been found [41, 42] . This is in contrast to those observed in horse, and sheep were the length of the mitochondrial genome is highly influenced by the occurrence of a different number of tandem repeat [43] . Mitochondrial markers have been instrumental in identification of wild ancestors, localization of domestication centres and reconstruction of colonization and trading routes [11, 20, 44] . Most studies with mtDNA target the hypervariable control region (D-loop). Domestic river and swamp buffalo arose independently based on differences in their cytochrome b sequences [45, 46] and they also suggested that these two types were domesticated independently.
Y-Chromosomal Markers
Y-chromosomal variation is a powerful tool to trace gene flow by male introgression [47] . It is the most powerful marker in human population genetics and is used more and more in domestic animal species.
DATABASES/SOFTWARE
Molecular Databases
Large scale sequencing projects are running on different species and the sequence data generated are usually deposited in any one of three major databases like GenBank, which would be required for assessment of genetic diversity. NCBI databases does allow for the submission of individual, even redundant, sequences, including microsatellites and SNPs (both stored in dbSNP;
http://www.ncbi.nlm.nih.gov/projects/SNP/) [48] 
Database Management
NBAGR, Karnal is the central agency dealing with livestock diversity, has of late initiated some schemes to continue or revive the use of purebred breeds. A broad legislation on biodiversity, currently being formulated which include measures to check the erosion of animal diversity. The NBAGR should prepare a breed directory and an animal watch list for regular monitoring of livestock genetic resources by Department of Animal Husbandry and Dairying, Government of India.
FAO has developed a Domestic Animal Diversity Information System (DAD-IS) (http://www.fao.org/dadis/); providing a summary of national breed level information on various aspect like its origin, population, special characteristics, morphology, performance of breeds and their risk status. DAD-IS has been recognized as an early warning tool for animal genetic resources (AnGR). The recently adopted Global Plan of Action for Animal Genetic Resources, calls on FAO to continue to develop DAD-IS to strengthen these roles.
Bioinformatics Software for Phylogenetic Analysis
Bioinformatics software mostly freely available for phylogenetic analysis are: a.
DISPAN is used to calculate diversity statistics, genetic distances and constructs phylogenetic trees. 
f.
TREECON is used to draw phylogenetic trees.
(http://bioinformatics.psb. ugent.be/software/details/TREECON).
FUTURE PROSPECTS
In the near future, new technologies such as high throughput SNP typing or even whole-genome sequencing are likely to revolutionize our perception into the diversity and uniqueness of breeds, with the ultimate objective of gaining a fuller understanding of the molecular basis of functional diversity. Phenomics will enable the development and adoption of highthroughput and high-dimensional phenotyping, and is the natural complement to genome sequencing. Phenomic-level data are necessary to understand which genomic variants affect phenotypes, to understand pleiotropy and to furnish the raw data that are needed to decipher the causes of complex phenomena, including health, yields, disease and evolutionary fitness [51] . This will help in better management of animal genetic resources and the breeds will be in better position able to face the future eventualities. Genetic resources banking (germplasm banks) are essential for species conservation and maintaining diversity and to enable the recovery of rare breed after total wipe out. Conservation of the genetic diversity of a particular species and involves a wide representation of genes of the species without conservation of the phenotype with an aim to preserve a desirable combination of gene representing of a particular breed.
An overall integrated view of an entire set of biological molecules involved in complex biological processes is emerging. New "-omics" scientific disciplines and at a still higher level of complexity, systems biology [52] . The inquiry into the biological complexity is a new frontier which requires highthroughput molecular technology, high computer speed and memory, new approaches to data analysis, and integration of interdisciplinary expertise (ftp://ftp.fao.org/docrep/fao/010/ a1250e/a1250e17.pdf).
CONCLUSION
Buffalo is an important species contributing significantly to Indian economy. There is urgent need to study genetic diversity between and within breeds using appropriate set of microsatellite markers which can be further supplemented by using Genome sequencing data, phonemics and high density arrays. Animal genetics resources are valuable assets of a country. Present buffalo breeds have gene pools of wide representation and valuable combination of genes. It is our responsibility to conserve, preserve and maintain the animal genetic diversity.
